The R46 site-specific recombination system comprises a per (plasmid-encoded recombinase) gene and a site at which the gene product acts, the per site. The two functions have been cloned into pACYC184. They are encoded by sequences within a region of approximately 2 kb on the R46 genome. These R46 sequences are closely related to the site-specific recombination systems of the ampicillin resistance transposons collectively designated TnA. The R46 per function is interchangeable with the tnpR gene product of TnA. Both enzymes can mediate recombination between the related res and per sites in R46::TnA recombinant plasmids to generate sitespecific deletions and inversions. Similar DNA rearrangements occur when TnA inserts into pACYC 184 derivatives carrying the cloned R46 per functions. Carriage of this site-specific recombination system contributes to the stable maintenance of R46. By converting plasmid dimers to monomers the R46 per functions help to ensure equal partitioning at cell division.
INTRODUCTION
In a previous paper we reported that R46 : : TnA recombinant plasmids underwent rearrangements which included transposon, as well as plasmid, sequences (Dodd & Bennett, 1983) . Models for the generation of TnA-induced deletions and inversions in R46 have been presented (Dodd & Bennett, 1983) and are shown in Fig. 1 . It was proposed that R46 contains a sequence analogous to the yes site of TnA and that site-specific recombination between these two sites, following transposition of TnA onto R46, led to the observed rearrangements. Deletions and inversions were observed and each depended on the orientation with which TnA had been inserted into R46, and hence whether the two res sites were carried as direct or inverted repeats. The extent of DNA sequences that underwent rearrangement varied in different recombinant plasmids, depending on the site of TnA insertion, but the two end-points were always the same, one being within the transposon and the other on the plasmid (see Fig. 1 ).
Resolution of TnA-generated cointegrates involves site-specific recombination between two res sites present on the cointegrate as direct repeats, a reaction mediated by the tnpR gene product of TnA (Kitts et al., 1982) . We have previously reported that R46 encodes a function that can complement tnpR mutations of TnA in trans (Dodd & Bennett, 1983) . To distinguish the R46-encoded functions from their TnA analogues, we propose to designate the R46 gene encoding the site-specific recombination enzyme per (plasmid-encoded recombinase) and its site of action the per site. This avoids the use of Res, which has been used to designate restriction functions on the related plasmid N 3 (Brown et al., 1984) . The designations can be made more specific by using subscripts, e.g. pf?rR,,.
In this paper we report the location of the R46per function in relation to theper site on the R46 genome. In addition, we establish a role for this site-specific recombination function in the stable maintenance of R46. Dodd & Bennett (1983) ; i.e. the coordinates of TnA run in the same direction as the coordinates of R461. As a result of site-specific recombination the 2.85 kb PstI fragment of TnA (which contains the TnA res site) and the 1.2 kb PstI fragment (which contains the R46per site) are lost and a new junction fragment of 1.7 kb is generated. The 0.66 kb TnA PstI fragment is deleted in addition to R46 PstI fragments lying between the two recombination sites; the actual number depending on the site of insertion of TnA in R46. (b) TnA-induced site-specific inversion of TnA and R46 sequences. TnA inserts into R46 in orientation 2 [as defined by Dodd & Bennett (1983) ; i.e. the coordinates of TnA run in the opposite direction to those of R46]. As a result of site-specific recombination the PsrI fragments which contain the res site of TnA and the per site of R46 (i.e. the 2.85 kb PstI fragment of TnA and the 1.2 kb fragment of R46) are lost. Two new junction fragments are generated of size 1.7 kb and 2.35 kb, the sum of which is equal to the sum of the original fragments containing the recombination sites. As this recombination appears to be a dynamic process, both species of recombinant molecule are present within a bacterial population at the same time. Consequently, the two restriction patterns are superimposed, with the alternative fragments containing the inversion end-points appearing fainter than the other fragments common to both plasmid types (see Dodd & Bennett, 1983) .
(Cm), 25; kanamycin (Km), 30; spectinomycin (Sp), 20; streptomycin (Sm), 20; sulphonamide (Su), 500; tetracycline (Tc), 20; trimethoprim (Tp), 25. Sodium arsenite was used at 100 pg m1-I. Trimethoprim and sulphonamide were used in minimal medium (Bennett & Richmond, 1976) , with appropriate growth supplements; the other antibiotics were used in nutrient agar. Selection for donor and recipient strains in conjugations was made on nutrient agar containing either nalidixic acid (Nal) at 25 pg ml-I or streptomycin at 200 pg mi-', as appropriate.
Plasmid transjer techniques. Matings were done on solid medium as described by Avila el al. (1984) . E. colistrains were transformed by the method of Cohen et al. (1972) with the modification of Humphreys er al. (1979) .
Isolation ojrransposon-containing recombinant plasmids. Two ampicillin resistance transposons were used, Tn802, which originated on RP1-I (Grinsted et al., 1978) , and Tn3.E5, which is a tnpR mutant of Tn3 (Heffron et ai., 1978) . All experiments indicated that the properties of Tn802 were indistinguishable from those of Tn3. For convenience, when discussing the transposon-mediated interactions with R46, the general term TnA will be used.
To select for Tn802 insertions in pACYC184 derivatives, the gene dosage assay of Wallace er al. (1981) was used, as described previously (Dodd & Bennett, 1983) , but the cephaloridine level was raised to 50 pg ml-' to exploit the high copy number of pACYCl84. This increase markedly reduced background growth. pACYC184: : Tn3. E5 recombinant molecules were generated by mobilization of pACYC184 with pUB2585 (R388 : : Tn3. E5). Resolution The R46 site-spec$c recombination system Grinsted et a/. (1978) 101 1 * Nal, Nalidixic acid; Str, streptomycin. Genotypic symbols conform to those recommended by Demerec et a/.
t Tn802 confers resistance to ampicillin.
(1 966). $ PUB 1290 is a pACYC 184ter : : Tn3. E5 recombinant plasmid that confers resistance to Cm and Ap; pUB307 confers resistance to Km and Tc and is Tra+ (Bennett er al., 1977) . $ pKT07I is a Tra-deletion derivative of R6-5 (Andres et al., 1979) .
R46, by conjugation, into the strains. The desired pACYC184 derivatives, carrying Tn3. E.5, were then separated from the other plasmids in the cell by isolating total plasmid DNA and transforming UB5201 to either Cmr or Tcr. All experiments were done in RecA-hosts. Prepararion and analysis oyplasmid DNA. Plasmid DNA was isolated either by ethidium bromide/CsCl gradient centrifugation of cleared lysates from 500 ml broth cultures (Cornelis er al., 1976) or by small-scale plasmid preparations according to Birnboim & Doly ( 1979) . Restriction endonucleases were obtained from various commercial sources and used according to the suppliers' recommendations. Restriction analysis and agarose gel electrophoresis were done essentially as described by Grinsted et al. (1978) .
Assay ojplasmid stability. A single colony of the test strain was picked from a selective plate, inoculated into 10 ml L-broth and incubated at 37 "C until the culture reached stationary phase. It was then diluted 103-fold into fresh non-selective media and incubated at 37 "C. This procedure was repeated 20 times; each cycle allowed approximately 10 generations. At various intervals samples were taken, diluted and plated on non-selective solid medium; 100 colonies from each plate were then tested for the presence of the particular plasmid by toothpicking onto selective agar. 
RESULTS
Complementation of Tn3. E5 Plasmid pUB2 130 is a Tn3. E.5-generated cointegrate containing pUBl290 (the transposondonating replicon) and pUB307 (see Table 2 ), and is stable in a RecA-background as shown by 100% linkage of Kmr (a marker on pUB307) and Cmr (a marker on pUB1290) in conjugation experiments (Table 3) . pUB1290 is non-conjugative and transfer of the Cmr determinant can only be achieved by physical linkage to a conjugative plasmid, in this case pUB307. Resolution of the cointegrate pUB2130 results in the loss of linkage between Kmr and Cmr and as a consequence, one of the resolution products, pUB307 : : Tn3. ES, transfers independently of the original transposon donor PUB 1290 in conjugation experiments.
R46 and derivatives were transferred, by conjugation, into strain UB5201(pUB2130). The ability of these plasmids to mediate resolution of pUB2130 was determined by attempting to outcross the latter plasmid, selecting for transfer of Kmr and Cmr. In the presence of R46, Kmf was transferred independently of Cmr (Table 3) , demonstrating that R46 encodes a resolvase function that can complement the tnpR mutation in Tn3.E.5.
The R46 : : Tn3. E.5 recombinant plasmid pUB2510 ( Fig. 2 ) resulted from site-specific deletion which removed both R46 and transposon sequences (as shown in Fig. 1 a) . The site of insertion of Tn3.ES and the extent of the deletion were determined by restriction enzyme analysis ( Fig. 2b ). Plasmid pUB2510 did not mediate resolution of pUB2130, as shown by 100% cotransfer of Kmr and Cmr in conjugation experiments (Table 3) , which indicated that the R46 sequences involved in complementation of the tnpR mutation carried by Tn3. E.5, were most probably located in the R46 sequence missing from pUB2150, i.e. between the per site (one deletion end point) and the Asr (arsenatelarsenitelantimony) determinant (see Fig. 2 ). Other, independently isolated R46 : : Tn3. E. 5 deletion derivatives also failed to resolve Tn3. E.5generated cointegrates (e.g. pUB25 1 1 ; Table 3 ).
The R46 : : Tn802 recombinant plasmids pUB2561 and pUB2562 contained site-specific deletions (Fig. 2c, d) . The deletions in these plasmids extended further from the per site than the deletion found in pUB2510 ( Fig. 26 ). However, both pUB2561 and pUB2562 mediated resolution of the cointegrate pUB2 130 (Table 3) . As the deletions in pUB2561 and pUB2562 are likely to have removed the R46-encoded resolvase function, resolution of pUB2130 in the presence of these plasmids must have been due to complementation of the tnpR mutation of Tn3.E.5 by the tnpR gene product encoded by the truncated Tn802 element. These results support the proposal that one end-point of the deletions is the res site of Tn8O2 (Dodd & Bennett, 1983) , as deletions generated by insertion of the wild-type transposon into R46 must leave the tnpR gene functionally intact. (B) and SuII ( S ) restriction enzyme sites in this region of R46 are shown. The PsrI sites indicated by broken lines represent the approximate location of six small PstI fragments, the order of which has not been determined (Brown & Willetts, 1981) . Theper site (R46 deletion and inversion end-point) has been deduced from restriction mapping of a number of R46 : :TnA recombinant molecules (Dodd & Bennett, 1983) in (a) . The site-specific deletions are indicated by gaps, and the 1.7 kb PsrI fragment that spans the deletion end-points is shown as a dashed line.
Cloning R46 per functions into PAC YC184 To determine whether any other region of R46 is required to complement tnpR mutants of TnA, the 8.2 kb Safl fragment, containing both the R46per site and per function, was cloned into the SaZI site of pACYCl84 generating pUB2951 ( Fig. 3a ). Smaller derivatives of pUB295 1 were made by digestion and religation (as described in Fig. 3 b, c, d) . These plasmids were introduced, by transformation, into UB520 1 carrying the Tn3. ES-generated cointegrate plasmid pUB3056 (Table 2) . Their ability to mediate cointegrate resolution was tested ( Fig. 3 ), again using conjugation to detect resolution (as described above). pUB2952, which had 5.7 kb of the cloned R46 sequences deleted ( Fig. 3b ), mediated resolution of the cointegrate pUB3056, indicating that the R46 per function is encoded by sequences lying to the left of the BgflI site on the pUB2951 genome, a finding in agreement with those above that suggested that the function was located between the Asr determinant and the per site. In contrast, deletion of the two smaller EcoRI fragments, as in pUB2953 (Fig. 3c) , resulted in the loss of resolvase activity. Thus, at least part of the R46per gene lies within the 1.2 kb PstI fragment in which the R46per site has been mapped (Dodd & Bennett, 1983) . The close proximity of these two functions is also indicated by the fact that pUB2992 is deficient in resolvase activity (Fig. 3 4 . Loss of function is associated with the deletion of a 400 bp EcoRI fragment adjacent to the region in which the R46 per site is located.
Transposition of' Tn802 and Tn3. E5 onto PAC YC184 derivatives pUB295 1 and pUB2952 encode both the per site and per function. The insertion of both Tn802 and Tn3. E. 5 into these plasmids resulted in site-specific rearrangements of the type seen with R46 : : TnA recombinant plasmids (see Fig. 1 ; Dodd & Bennett, 1983) . Site-specific deletions and inversions found in different derivatives had the same end-points, i.e. the per site of R46 and the res site of the transposon (data not shown).
pUB2992 contains the R46 per site, but has lost perR46 (see above). Analysis of pUB2992 : : Tn802 recombinant plasmids allowed us to determine if Tn802 resolvase can mediate site-specific rearrangements. Although the enzyme mediates recombination across (Table 2) . A positive result indicates that the frequency of transfer of Tp' (carried on the transmissible plasmid component of pUB3056) was at least two orders of magnitude higher than transfer of pUB3056 itself (Km', Tp'). A negative result indicates that there was 1000/< cotransfer of Kmr and Tpr in crosses. pUB300I (pACYC184: : Tn802) and pACYC184, included as controls, gave positive and negative results respectively. (a) pUB2951 was generated by digestion of R46 and pACYC184 with Sun followed by ligation and transformation to As'. The resulting plasmid contains an 8.2 kb R46 fragment in the Sun site of pACYC 184. The Tc' genes of R46 and pACYCl84 are related (Brown et al., 1984) . As a result of the cloning, pUB2951 carries a hybrid Tc'. (6) pUB2952 was generated by digestion of pUB2951 with BarnHI and BgllI followed by ligation and transformation to Cm'. Recircularization of the large BamHI/BgflI-generated fragment containing the pACYC 184 origin of replication resulted in loss of Asr and Tc'. (c) pUB2953 was generated by digestion of pUB295I with EcoRI, followed by ligation and transformation to Tc'. Recircularization of the large EcuRI fragment resulted in loss of Cm'. ( d ) pUB2992 was generated by digestion of pUB2952 with EcoRI, followed by ligation and transformation to Cm'. This ensured that the 2.9 kb EcoRI fragment containing the R46 per and part of the Cm' gene was recovered in the same orientation as in pUB2952. The resulting plasmid had lost the small 400 bp EcoRI fragment.
directly repeated res sites, it has been reported that site-specific recombination between inverted copies of the res site is very inefficient (Chiang & Clowes, 1982) and is only detected when the tnpR gene is derepressed (Reed, 1981; Kitts et al., 1983) . Fig. 4 (tracks 3 to 7) shows the PstI restriction patterns of five pUB2992: :Tn802 recombinant plasmids. Tn802 is inserted in orientation 2 (defined in Fig. 1 b) . The res site of Tn802 lies in the 2.85 kb PstI fragment (band a, track 1) and theper site is within the 0.8 kb PstI fragment of pUB2992 (band d, track 2). These two fragments were found in all the pUB2992 : :Tn802 recombinants, together with the 0.66 kb internal PstI fragment of Tn802 and two Tn802-pUB2992Junction fragments (the sizes of the latter two bands varied in the different derivatives depending on the site of insertion of Tn802). Two additional PstI fragments were generated (bands labelled b and c, tracks 3 to 7, Fig. 4) . The sizes of these fragments (1 -95 kb and On: Sat, 29 Dec 2018 14:28:33
The R46 site-specijc recombination system 1.7 kb respectively) were consistent with the inversion of pUB2992 and Tn802 sequences lying between the two recombination sites, as shown in Fig. 1 (b) . [A 0.4 kb EcoRI deletion in pUB2992 (see Fig. 3 4 has reduced the size of the PstI fragment in which the per site lies to 0.8 kb. Site-specific inversion generates a 1-95 kb PstI fragment instead of one of 2.35 kb as normally observed in type 2 recombinant plasmids (Dodd & Bennett, 1983 ; see above, Fig. 1 b) .] As a result of site-specific inversion, the two fragments in which the recombination sites lie (Fig. 4, bands a and d) were replaced by two new ones (Fig. 4, bands b and c) , which contained hybrid perlres sites. Consistent with this interpretation was the observation that the intensity of the two alternative pairs of restriction fragments were inversely proportional. The predominant form of the recombinant plasmid shown in Fig. 4, track 3 , was a straight-forward insertion of Tn802. The two fragments associated with site-specific inversion (bands b and c) are faint. Conversely, the plasmid DNA in Fig. 4, track 7 , contained a greater proportion of bands b and c, which arose as the result of inversion, and the original bands containing the two recombination sites (a and d) were correspondingly fainter. Plasmid DNA used for restriction analysis was isolated about 40 generations after transformation of UB5201 to Cbr (see Methods). Hence, in this time span, the two plasmid types appeared to reach an equilibrium state.
That the tnpR gene product of Tn802 was responsible for these site-specific inversions was demonstrated by isolating pUB2992 : : Tn3. E5 recombinant plasmids (Tn3. E5 is a tnpR mutant of Tn3; Heffron et al., 1979) . Restriction analysis of plasmid D N A from derivatives carrying Tn3. E5 in orientation 2 showed only the type 1 plasmid (as defined in Fig. 1 b) . The two PstI restriction fragments generated as a result of site-specific inversion were not detected on agarose gels (data not shown).
The various R46 : : Tn802 and R46 : : Tn3. E.5 deletion derivatives described previously (Dodd & Bennett, 1983) were characterized by acquisition of Cbr and the presence of a common 1.7 kb fragment in PstI restriction patterns (together with the loss of fragments lying between the two deletion end-points, see Fig. 1 a) . The isolation of pUB2992 : : Tn3. E.5 derivatives did not rely on selection for Cbr (see Methods) and a number of recombinant plasmids were recovered which were Cbs. Restriction of two such plasmid DNA molecules with PstI (Fig. 4, tracks 8 and 9 ) showed that the fragments containing the recombination sites (Fig. 4, bands a and d) were absent. Two new fragments were seen, one of 0.66 kb (the size of the internal PstI fragment of Tn3, E5) and another of 1.95 kb. This latter fragment was the same size as band b, generated by inversion ( Fig. 4, tracks 3 to 7) . From this, and other restriction data, it is concluded that this class of recombinant plasmid resulted from a similar site-specific deletion of plasmid and transposon sequences between directly repeated per and res sites as shown in Fig. 1 (a) . In this case, however, the origin of replication of the resulting plasmid was located between the left inverted repeat of Tn3. E.5 and the R46 per site (see Fig. 1 a) . Hence, instead of deleting this region, as had been previously found, this segment of DNA represents the recircularized recombinant plasmid. The model shown in Fig. 1 (a) predicts that molecules of this type encode the tnpA gene present on the truncated transposon; this has been shown to be the case (Heritage 8c Bennett, 1985) .
Plasmid maintenance
The functional similarity of the R46 site-specific recombination functions to those encoded by Tn3 suggested that, although not itself capable of transposition, this region of R46 may represent residual sequences of an element related to Tn3. We were interested, therefore, to determine whether this red-independent recombination activity had been retained to serve a particular function, for example, in the maintenance of the plasmid.
A derivative of R46, pUB3674, which lacks the 1.2 kb PstI fragment in which theper gene and per site are located, was constructed (Table 2) . Also included in the study were the R46 derivatives pUB2563(R46 : : Tn802) and pUB25 lO(R46 : : Tn3. E.5) (Fig. 2b) , both of which have a site-specific deletion, and thus carry a hybrid recombination site (i.e. the point of fusion of R46 and Tn3 sequences as shown in Fig. 1 a) . The per gene is deleted in these R46 derivatives; however, pUB2563 encodes the resolvase of Tn802, as the truncated transposon retains a functional tnpR gene (see above), while on pUB2510 the tnpR gene is mutant (derived from Tn3. E.5). The plasmids were transferred, by conjugation, into the Rec+ strain UB28 1 and the isogenic RecA-strain UB5201. The stability of the plasmids in these strains, in non-selective media, was determined over a period of 200 generations.
Plasmid R46 was stably maintained in both Rec+ and RecA-hosts for at least 200 generations ( Table 4 ). The other plasmids were also completely stable in the RecA-strain over the same time span. However, pUB3674 was not completely stable in strain UB281; after 200 generations about one-third of the cells had lost the plasmid (Table 4) . A similar rate of loss of plasmid markers was found from UB281 harbouring pUB2510. Both pUB3674 and pUB2510 lack the R46per gene, which suggested that the instability displayed by these plasmids was related to the absence of the R46 site-specific recombination system. Plasmid pUB2563, which also lacks the per gene but carries a functional copy of the tnpR gene of Tn802, was completely stable in the Rec+ host (Table 4 ). Hence, in the absence of the R46per function, the resolvase encoded by the truncated Tn802 element restored stability to the plasmid. Consistent with this was the finding that the instability of the R46 : : Tn3. E.5 derivative, pUB25 10, could be reversed by supplying a resolvase function in trans. A Rec+ strain carrying pUB2510 was transformed with pUB2952 (a pACYC184 derivative carrying the cloned per gene, see above). After non-selective growth for 100 generations, there was 100% retention of pUB2510 in cells which also harboured the complementing plasmid, pUB2952.
Site-specific recombination systems which maintain plasmids as monomers have been shown to play a role in the stable inheritance of the small multicopy plasmids ColEI (Summers & Sherratt, 1984) and CloDF13 (Hakkaart et al., 1984) as well as the unit copy plasmid, prophage P1 (Austin et al., 1981) . Rec-mediated recombination between homologous plasmids may generate dimers and larger multimers. A site-specific recombination system ensures that any multimers formed are efficiently reconverted to monomers.
Covalently-closed circular (CCC) DNA was isolated from the Rec-strains after growth in non-selective medium for 100 generations. In all cases plasmid DNA migrated as a single band of monomer size on agarose gels (data not shown). Plasmids R46 and pUB2563 were also present only as monomers when isolated from UB281 (Rec+). In contrast, UB281 carrying one or other of the two R46 derivatives which lack a recombination function (per or tnpR) contained a larger plasmid DNA species, in addition to the monomeric plasmid. The larger CCC DNA species were about 100 kb, the size expected for dimers of pUB3674 and pUB2510 (data not shown). When these mixtures of DNA (monomers and putative dimers) were digested with various restriction enzymes, the fragment patterns generated were identical to those generated from the monomer alone, indicating that the higher molecular weight band had the same restriction pattern as the monomer, and thus was a dimer.
As with a number of other multicopy plasmid cloning vectors, pACYC184 is unstable. The stability of the pACYC184 derivatives constructed in this work (see above) were compared with that of pACYC184 itself, to determine if the stabilizing effect of the R46per functions could be transferred to other plasmids. In UB28 1, plasmids pUB295 1 and pUB2952, which encode both the R46 per gene and site, were retained in 100% and 98% of cells respectively after 50 generations of growth in non-selective medium. pACYC184 itself was rapidly lost and after the same time period only 10% of cells retained the plasmid.
DISCUSSION
The R plasmid R46 encodes analogues of both the res site and the tnpR gene of the ampicillin resistance transposon TnA. These have been designated the per site and per gene respectively. A previous study located the per site on the R46 map at coordinate 36.2 kb (Dodd & Bennett, 1983) . The per gene can now be located, adjacent to the per site, between R46 coordinates 36.2 and 38.4 kb. The close proximity OfperR46 to the site at which it acts is similar to the arrangement of tnpR and the res site on TnA (Heffron et al., 1979) and is characteristic of a number of other sitespecific recombination systems (Zieg & Simon, 1980; Hoess et al., 1982; Mizuuchi et al., 1980) . The R46 site-specific recombination system is functionally related to and interchangeable with that encoded by TnA. The transposon yd is closely related to TnA and the site-specific recombination systems of the two elements are interchangeable (Reed, 1981 ; Kostriken et al,, 1981) . As was expected, perR46 also complemented y6 tnpR mutants. Stable y6 tnpR-generated cointegrates were efficiently resolved in the presence of R46 or pACYC184 derivatives carrying the cloned R46 per gene (data not shown).
The role of the tnpR gene product of TnA in the transposition process is to resolve transposongenerated cointegrates via site-specific recombination between directly repeated res sites (Shapiro, 1979; Arthur & Sherratt, 1979) . A similar reaction involving R46 : : TnA derivatives would be expected to yield two circular molecules, each carrying a portion of TnA, the dividing point within TnA being the res site. However, only the resolution product carrying the R46 origin of replication would survive. We previously described deletion derivatives which carry a truncated TnA, specifically those sequences to the right of the res site, which encode the tnpR and bla genes (for example pUB2561, Fig. 2c ; Dodd & Bennett, 1983) . Similar fusions of R46 and TnA sequences were detected in this work using the pACYC184 derivatives carrying the cloned R46 per functions. In addition, recombinant molecules, which represented the alternative expected resolution product were also isolated, i.e. deletion derivatives that carry a truncated TnA, specifically those sequences to the left of the res site, which encode the tnpA gene.
Resolvase-mediated recombination between inverted copies of the res site of TnA has been reported to be a very inefficient reaction which depends on the provision of the tnpR gene at high copy number (Reed, 1981 ; Kitts et al., 1983) . Hence, when the resolvase of TnA was present on a multicopy vector, some inversion of DNA sequences lying between two inverted res sites was detected after 100 generations, with a further 100 generations required before the two plasmid types reached equilibrium (Kitts et al., 1983) . In contrast to these findings, resolvase-mediated site-specific inversion between the per site of R46 and the res site of Tn802 occurred quite readily. In the time taken to isolate DNA from transformed cells (less than 50 generations), molecules carrying inverted segments of DNA were evident in restriction enzyme gel analysis and, in some cases, this type of molecule represented the predominant plasmid species (see Fig.  4 ). The experiment of Kitts et al. (1983) to detect TnA-mediated inversion involved the provision of the tnpR gene in trans, whereas, inversion between theper site of R46 and the res site of Tn802 was mediated by resolvase provided in cis. Site-specific recombination between inverted repeats of the res site of transposon TnZ721 has also been observed, but only when the tnpR gene was present in the cis configuration (Altenbuchner & Schmitt, 1983) . It is possible, therefore, that the location of the resolvase gene, in relation to the potential sites of action, has some bearing on the efficiency of site-specific inversion (see Altenbuchner & Schmitt, 1983) . However, resolvase-mediated recombination between inverted repeats of the TnA-related transposon Tn2660 in either R6K or ColE1 replicons was not detected after 60 generations (Chiang & Clowes, 1982) , indicating that the provision of resolvase in cis and on a high copy number vector are not, by themselves, necessarily sufficient to generate inversions.
The fact that site-specific inversions occur relatively efficiently in R46 : :TnA recombinant plasmids initially suggested to us that this may reflect a difference in the activity of the enzyme encoded b y p e~~~~ and the resolvase of TnA. However, the finding that the tnpR gene product of Tn802 can mediate site-specific inversions as efficiently as the perR46 gene product suggests that differences between the two systems must lie elsewhere. Models, which take into account the asymmetry of resolvase-binding sites in the res region of TnA and y6 and which accommodate the observed bias towards recombination between directly oriented res sites have been proposed (Kitts et al., 1983; Krasnow & Cozzarelli, 1983) . It is possible that specific sequences in the R46 per site allow recognition and binding of resolvase to these sites, irrespective of their orientation.
Site-specific recombination systems are known to contribute to the stable maintenance of certain plasmids (Summers & Sherratt, 1984; Hakkaart et al., 1984; Austin et al., 1981) . Our results indicate that the site-specific recombination system encoded by R46 plays a similar role in the maintenance of this plasmid. R46 derivatives which lack perR46, e.g. pUB3674, are noticeably less stable than the parent plasmid in the absence of selection (Table 4 ). As has been reported for other plasmids, this loss of stability appears to be associated with plasmid multimerization. However, significant loss of the unstable R46 derivatives did not occur until after about 200 generations of growth in nonselective media ( Table 4 ). This argues that other functions, such aspar functions, described for other plasmids (Nordstrom et al., 1980; Austin & Abeles, 1983a,b; Tucker et al., 1984) are encoded by R46 and contribute to its stable maintenance. Hence, the high level of stability exhibited by R46 is likely to be achieved by complementary systems, one of which ensures that the plasmid is maintained as monomers, while the other is responsible for the partitioning of these monomers at cell division.
